BRL-MR-281

MEMORANDUM REPORT BRL-MR-3881

AD-A229 673

' EXPLOSIVELY WELDED STZEL PATCHES
FOR THE FIELD REPAIR OF
ROLLED HOMOGENEOUS ARMOR

PAUL H. NETHERWOOD, JR.
RALPH F. BENCK
RONALD P. PAINTER

NOVEMBER 1990

AWROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED.

U.S. ARMY LABORATORY COMMAND

BALLISTIC RESEARCH LABORATCRY
ABERDEEN PROVING GROUND, MARYLAND




NOTICES

Destroy this report when it is no longer needed. DO NOT retum it to the originator.

Additional copies of this report may be obtained from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161.

The findings of this report are not to be construed as an official Department of the Amy position,
unless so designated by other authorized documents.

The use of trade namies or mmufas.mrets names in this repoit does not constitute indoxsemcm of
any commercial product.




UNCLASSIFIED

REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

Pubirc reports
Qatherng snd

g burden {or ‘::n‘ cottecion of movmuoa B ESUMATEd 10 dverage | BOUT DET responte, lul‘u:lng the ime fOr review:Ag iMIrUCONs, WarChINg exnting data sovrces,
ats needed

raing this burden estimate of Sfy Othe! 330€t Of thn

g "

and revsewing the coliection of wfor o

e 4
. 10 Wathinglon Headausrien Services, Directorste for information Operations ang Aeports, 1215 Jeteron

of nt ,wgg ey 10t reducing thn
Dawn thghway, Suite 1204, Arkngton, VA 22200-4302, and {6 the Office of Mansgement and Budget. Paperwork Reduction Project (0704.0188), wasiington, OC 20503

1. AGENCY LISE ONLY (Leave blank)

3. REPORT TYPE AND DATES COVERED
1985 - Iuly 1986

2. REPORT DATE
November 1990

4. TITLE AND SUBTITLE
Explosively Welded Steel Patches for the Field Repair of Rolled

Homogeneous Armor

5. FUNDING NUMBERS

1L162618AH80

6. AUTHOR(S)

Faul H. Nethierwood, Jt.
Ralph F, Benck

7. PE FORM.NG ORGANIZATICN NANE(S) AND ADDRESS(ES)

8. PERFORMING ORGANIZATION
REPORYT NUMBER

l

i

S T Y
11, SUPPLEMENTARY NOTES

V7. STCURITY CLASSWICATION |
©F RLPORT

9. spousom*e) MONITORING AGENCY NAME(S) AND ADDRESS{ES)
Us Army Bailistic Research Laboratory

ATTN: SLCBR-DD-T

Aberdesn Proving Ground, MD 21005-5066

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

BRL-MR-3881

1125, OISTRIBUTION / AVAILABILITY STATEMENT
Approved for Public Release; Distribution Unlimited

12b. OISTRIBUTION <ODE

ABSTRACT (Mawsmum 200 wordhs)

repair of tank smor. Mild sieel

A feasibility sudy was conducted o determine whether explosively welded steel paiches could be used for buueﬁelq

were bonded to tolled atvnor plates in the Laboratory and

to the glacis and wrret of a tank in the fickd. The patch design used a circular weld pattern, sturry explosi
aminedgctwmofwelding.mdnmmfomwmtouddmomlmngmmdw&‘aﬂm mplonvc.
prepanation was found €0 affect weld quality.
=
'z
it o iata—"
16, SULIECT TEAMS _ 1S, NUMBER OF PAGES
Welding: Explosive Welding, Welds; Ammor Repair; Bauleficld Repair; RHA Welding 17
16. PRICE CODE

T8, SICURITY CLASSHICATION
OF Tiif pact
UNCLASSIFIED

20. UMITATION OF ASSTRACT
UL

19. SICURITY CLASSIHCATION
OF ARSTRACT

UNCLASSIFIED

UNCLASSIFIED

MMM anpirirn Standarg form 198 (Rey 189)




INTENTIONALLY LEFT BLANK.




e

TABLE OF CONTENTS

Page
LISTOF FIGURES . ..... .t tiitinetianinntnncnernninneasianennanas v
ACKNOWLEDGMENTS ... tititteinentorsionsnraesesneotensaanens vii
INTRODUCTION ... iittiinetintienenenncnnorosnsenesnsessannnennns 1
EXPERIMENTAL PROCEDURES ........ Cer ettt e i, 4
RESULTS .....0civiiiincnninnrcnnns PP 6
DISCUSSION .. i iiiiiiitiat et iiesarieernatessostosoesnesnennnas 7
CONCLUSIONS ...... P et . 9
LIST OF REFERENCES ........... Ceereveaans ettt ie et 11
DISTRIBUTION LIST ... . iitiitineinnnernsnornersorocnancannas 13

Aeonss_iqn !9:*
ATIS GRAAL ?

DTIC TAB a
Unanneunced O
Justitient Ot soeed
. oy
| Distributlen/ |

mnuabi.'uq‘ de_ol
‘favall amdjor
Diat Speocial

Al




INTENTIONALLY LEFT BLANK.

iv




LIST OF FIGURES

Figure
1. Schematic Diagram of Explosive Welding Process ........ ...,
2. Basic Patch Designs. Flat Flyer Plate in 2A, Flyer Plate With Center Area Doubled
in Thickness in 2B, and Flyer Plate With 25-mm-thick Boss in2C. .............
3.  Weld Over Hole in RHA Plate. Portion of Flyer Plate Entered Cavity and Plate Ripped
onSharpEdgeof Hole . ....... ..ottt
4. Weld on Tank with Flyer Plate Containing 25-mm-Thick Center Boss .............
S. Conceptual Domed Explosive Patch to Cover Bulged Lip Around Projectile Impact

HOIE &t ittt iieinosoeetooesansesesssanssancasatosasesssacaanns

10




INTENTIONALLY LEFT BLANK.

vi




ACKNOWLEDGMENTS

The authors are grateful to James Ogilvie of the U.S. Army Tank-Automotive Command
(TACOM) for proposing that explosive welding be used to make battlefield repairs on armored
vehicles, and to Dr. Gerald Moss of the Lanxide Corporation for suggesting that the patches be welded
only along their edges.

vii




INTENTIONALLY LEFT BLANK.

viii




1. INTRODUCTION

Explosive welding has become an accepted metal-working procedure. It has been used primarily
for dissimilar metals which are difficult to weld by other methods and for welding in inaccessible
locations, e.g., plugging pipes in heat exchangers and construction in rugged terrain.  Wider use of
this technique will always be constrained by safety considerations associated with explosives, but there
remain many applications where explosive welding could be exploited. The Intemational Conferences
on High Energy Rate Fabrication (HERF) include papers showing applications of explosive welding
and provide data on welding parameters for many materials (Center for High-Energy Forming 1967,
1969, 1971, 1973, 1975, 1977; Blazynski 1981; Berman and Shroeder 1984).

This study examined the feasibility of using explosive welding to repair tank armor in the field.
The Ammy has a variety of techniques which are now used for batdeficld repairs, but they do not offer
the level of protcction which a welded steel patch would convey. Since this was envisioned as a
“lemporary repair, it was not essential to make the paich from amor plaie. In most cases the repair
necds to cover & hole in the vehicle's armor plate. A weld patiem that docs not directly load the
center of the plaie is advantageous since this approach reduces the probability of farcing the fiyer plate
into the hole and teaning the patch. |

A schematic diagram of ar: explosive welding process is illustrated in Figure 1. Successful
welijing depends upon several criteria. ‘The dynamic collision or bend angle between the plates, P,
must fall in the range which produces jetting that cleans the malerial ahead of the weld point. The
_plaie velocity, V,, must be high enough for the impact to cause metal deformation and flow, but must
not be 5o high that the kinetic energy (KE) causes excessive melting in the welding zone. ‘The
welding point velocity, V. must be less than 1.25 times the #~und velocity of the materisls used to
provent rarefaction waves from disrupling the weld. Data are available for welding many
- cotbinations of materisls bul paramelers were not located for the specific combination to be welded,
~ mild steel 1 rolled homogencous armor (RHA) (Orava and Wittman 1975),

mudmwmﬁafmofmmmwkmcdm
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_ tan”'V, cos /2 1
P9 V, sin a/2

where f is the dynamic bend angle,
V, is the velocity of the welding point,
V, is the flyer plate velocity, and

o is the initial angle of inclination of the flyer
plate to the intended target or fixed plate.

For the current studies, & = 0 as the flyer plate was initially mounted parallel to the fixed plate.

Withasetto0  B=tan'V,/V,

where V, is the detonation velocity.

- The Gumey equation, expression 2, gives V,, as a function of the energy and weight ratio of the
 explosives to the flyer plate (Steme 1947).

V. o V2E I.__S:';i__. )
’ (D+1)(E +4) .

~whe's o = mass oi explosive/mass of flycr plate,

E is the "Gumey Energy" per unit mass of explosives,

and V2E is the “Gumey characteristic velocity” of the explosive.




The valucs of V2E and Vy, have been compiled for many explosives, including DBA-10HV.
Therefore, equations 1 and 2 can be uscd to calculate both the flyer plate velocity and the impact
angle as functions of the charge to mass ratio. Although specific values of V, and  for welding mild
stecl to RHA have not been reported, the values for mild steel to mild stee! welding in Orava and
Wittman (1975) indicatc acceptable welds for plate velocitics of 400 to 800 m/sec and B of 11°to 14°,
The experimental parameters described in this report were adjusted so that B was approximately 11°,

2. EXPERIMENTAL PROCEDURES

The experiments were intended to demonstrate a practical method of using explosive welding to
patch tanks in the ficld. To this end, readily available materials were used, and the design was made
as simple and hazard-frce as possiblc.

Three flyer plaic designs were used in the course of the program, as shown in Figure 2. The
basic design (Figure 2A) was r. 3¢ -, thin steel flyer platc, 3.2 mm x 101.6 mm x 101.5 mm, held
paralicl to the fixed flat plate by polymcthyl methacrylaie (PMMA) standoffs onc plate thickness in
height. The explosives were contained in a channel formed by two concentric phenolic rings, onc with
an outside diamctcr of §5.6 mm, and the second with an inside diamcter of 101.6 mm. Detonation of
the explosives deformed and accelerated the flyer plate, welding it in a circular pattern to the fixed
RHA plate. This design was tested in two configurations; one in which the explosive was continuous
around the ring, and another in which a plastic barrier iniervupied the explosive. A variation on this
design using a square cxplosive box, made from 3.2-mm PMMA and forming a 19-mm-wide track on
the plate, was also tesied.

The thin flyer plates could deform and tear when welded over holes in the fixed plates. To
reduce the possibility of waring, the fiyer plates were modificd by making them thicker in the center
(sce Figures 2B and 2C). Patches using the final, thick boss designs were welded first on a solid RHA
plate in the laboratory and then on the glacis and turret ammor of an obsolete tank.

The explosive uscd was DBA-10HV (Ireco Chemicals, 3000 West 8600 South, West Jordan,
Utah), a slurry expiosive which is mixed from a liquid component and a dry powder component,
neither of which is classificd as an explosive prior to mixing. DBA-10HV has & detonation velocity,
Vo. of approximatcly 3.8 km/sec, well below the sound velocity in sieel of 5.8 km/sec. The Gumcy
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Figure 2. Basic Pa wsigns. Fiat Flyer Plate in 2A, Ryer Plate With Center Area Doubled §
Thicknoss in 28, and Flyer Plate With 28.mm-Thick Boss in 2C.




characteristic velocity, V2E, is 1.6 km/scc for DBA-10HV (Center for High-Encrgy Rate Fabrication
1975). The slurry gels aficr mixing, but never reaches a self-supporting consistency, so a water-tight
containes was required. A piece of Detasheet C explosive was used as a booster, placed directly in the

NBA-10EV. A J-2 detonator initiated the booster explosive.
3, RESULTS

The thin flyer plates (Figure 2A) welded 1o the RHA fixed plates. The continuous explosive
design allowed the detonation to procecd in two directions around the track and produced & poorly
welded area under e initiator, with a ripple in the plate and an unbonded arca at the 180° point where
the two detonation fronts collided. The interrupted explosive design allowed detonation propagation in
a single direction and resulied in only onc poorly bonded arca, under the initiator. Initially the flyer
platcs were square and the co-mers crc not welded outside of the circular explosive track. The square
explosive box, which loaded the comers of the plate, did weld the comers. We concluded, however,
that the matcrial in the comers of the plate did not contribute appreciably to the strength of the patch,
and that a disk-shaped {1, cr plate with no materit® outside of the explosive track, which could be
clipped off and thrown as a frag-aent, ~ould be more ~fficient and safer. Disk-shaped flyer plates
were uscd for adl subscquent tests.

As is shown in Figure 3, thin flycr plates deformed and tore when welded to fixed plates
containing holes, reducing thelv eficctivencss &5 patenes. Doubling the thickness of the center of the
flyer plate (Figure 2B) sirengthened the flyer plate <nough to climinate the tearing with only a dimple
appearing in the boss. The wsts with a 25-mm plug pre-welded 1o the center of the flyer plate
(Figure 2C) indicated that the cemer of the plate Sould be sny thicknass desired.

The quality of the welds was determined by observation; no quantitative weld testing was used.
Six welds were alicmpicd in the laboraory and all were acceptiole; ie. the flyer plate appeared to be
fumly attached to the fixed plate. The surfuces of the fixe.* plates were given different cleaning
treatments (grinding, sanding, sand blasting) so0 thet the effects of surface finish on the welds could be
evalusted. Thc jeuting action occurring in the welding process provides some self-clcaning of the
surfaces, but successful bonding requires inltially clean metai surfaces an both plates. No difference in
weld quality was observed for the various sutiace prepanations, however, all t: fixed plates that were
used were basically smooth, flat clean, and rust free. The lcast perturbed welds occurred in the
samplcs that had a gap in the explosive train.
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Figure 3. Weld Over Hole in RHA Plate. Portion of Fiver Plate Entered Cavity and Plate Ripped on
Sharp Edge of Hole. '

The patch design developed in the laboratory experiments was tested on the turret and glacis
amor of a tank to show that welds could be accomplished under ficld conditions. The tank had been
parkcd outdoors for many years and the originally painted armor surface was partially rusted and
pitted. The initial test, where the surfacc was given only a cursory hand-sanding, failed to weld.
However, in later tests where the majority of the welding surface was taken down to clean metal by
the use of an clectric sander, satisfactory welds were produced. A photograph of an explosively
welded patch on the glacis armor of the tank is presented in Figure 4. As is shown in Figure 4, the
flyer plate had a 25-mm-thick, S0-mm-diamcier steel disk attached to its center.

4. DISCUSSION

‘This program was solcly a feasibility study and demonstrated that an explosively welded
battleficld repair paich can readily be fabricated. The design presented here was not optimized; it is
very likely that adjustments to charge/mass ratio and standoff will produce better results. The flyer
plate can be modificd to reduce the size of the unwelded zones; a dimple in the plate under the
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initiator should reduce the unbonded arca there and a notch in the plate at the 180° point should let the
plate weld-up to the edges of the cut and eliminate the ripplc observed in these tests. The most
common damage requiring a patch would be perforations in the amor from shaped charges or KE
penetrators. These weapons create a bulge around the entrance hole that would make use of a flat
patch difficult. A domed patch (Figurc 5) would allow coverage of such damage. The center of the
dome can be made thick ¢nough to provide ballistic protection, while the thin edge can be welded to
an undistorted area of the armor.

The "welded edge" design should be uscful in other applications since it evades one of explosive
welding's fundamental limits. If the flyer plate velocity is kept constant, the KE of the plate varies
directly with plate thickncss, and can exceed the limit for satisfactory welding, When only the edge is
welded, the patch or fixture can have any configuration, and only the edge must meet the thickness
criterion.

5. CONCLUSIONS

(1) Explosive welding can readily be used to attach steel patches or fixtures to armor plate.

(2) The metal surfuces to be welded must be clean and resonably smooth.

(3) Structurcs may be attached by explosively welding only the edges, minimizing the cxplosive
required and giving greater freedom of design.
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Figure 5. Conceptual Domed Explosive Patch to Cover Bylged Lip A ilg Im le.
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